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Changes to consensus recommendations

General consideration

- In appropriate high-risk individuals with established type 2 diabetes, the decision to treat with a GLP-1
receptor agonist or SGLTZ2 inhibitor to reduce MACE, hHF, CV death or CKD progression should be
considered independently of baseline HbA1c or individualised HbA1c target.

- Providers should engage in shared decision making around initial combination therapy in new-onset
cases of type 2 diabetes.

GLP-1 receptor agonist recommendations

- For patients with type 2 diabetes and established atherosclerotic CV disease (such as those with prior
myocardial infarction, ischaemic stroke, unstable angina with ECG changes, myocardial ischaemia on
imaging or stress test, or revascularisation of coronary, carotid or peripheral arteries) where MACE is the
gravest threat, the level of evidence for MACE benefit is greatest for GLP-1 receptor agonists.

« To reduce risk of MACE, GLP-1 receptor agonists can also be considered in patients with type 2 diabe-
tes without established CVWVD with indicators of high risk, specifically, patients aged 55 yvears or older with
coronary, carotid or lower extremity artery stenosis =50%, left ventricular hypertrophy, eGFR <60
ml min—" [1.73 m]—2 or albuminuria.

SGLTZ2 inhibitor recommendations

- For patients with or without established atherosclerotic CWVD, but with HFrEF (EF <45%9%) or CKD (eGFR
30 to =60 ml min—' [1.73 m]—2 or UACR =30 mg/g, particularly UACR =300 mag/qg), the level of evidence for
benefit is greatest for SGLTZ2 inhibitors.

e SGLTZ2 inhibitors are recommended in patients with type 2 diabetes and HF, particularly those with
HFrEF, to reduce hHF, MACE and CW death.

e SGLTZ2 inhibitors are recommended to prevent the progression of CKD, hHF, MACE and CW death in
patients with type 2 diabetes with CKD.

- Patients with foot ulcers or at high risk for amputation should only be treated with SGLTZ2 inhibitors after
careful shared decision making around risks and benefits with comprehensive education on foot care and
amputation prevention.

1. Diabetologia (2020) 63:221-228 CAN-20200324.No?2 6



GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES:

OVERALL APPROACH

GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES: OVERALL APPROACH

FIRST-LINE THERAPY IS METFORMIN AND COMPREHENSIVE LIFESTYLE (INCLUDING WEIGHT MANMAGEMENT AND PHYSICAL ACTIVITY)

. 2
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A Consensus Report by the American Diabetes Association (ADA) and the

European Association for the Study of Diabetes (EASD) - 2018
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GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES:

OVERALL APPROACH

GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES: OVERALL APPROACH

FIRST-LINE THERAPY IS METFORMIN AND COMPREHENSIVE LIFESTYLE (INCLUDING WEIGHT MANAGEMENT AND PHYSICAL ACTIVITY)
. 2 NO

INDICATORS OF HIGH-RISK OR ESTABLISHED ASCVD. CKD OR HF?
Z:Tc-;iifﬁf;m:iﬁ%ﬁifﬁ?ﬁi@}}iii-}i{:_ S l S -

1. Proven CVD benefit means it has Label indication of reducing CVD events, b. Choose later generation SU to lower risk of hypoglycaemia, Glimepiride has shown similar CV safety to DPP-4i
2. Be aware that S6LT2i abelling varies by region and individual agent with regard to indicated level of e6FR 7. Degludec / glargine U300 < glargine U100 / detemir < NPH insulin

for initiation and continued use 8. Semaglutide > liraglutide > dulaglutide > exenatide > lixisenatide
3. Empagliflozin, canagliflozin and dapaglifiozin have shown reduction in HF and to reduce CKD progression 9. If no specific comorbidities (i.. no established CVD, low risk of hypoglycaemia and lower priority to avoid

in CV0Ts. Canagliflozin has primary renal outcome data from CREDENCE, Dapagliflozin has primary heart weight gain or no weight-related comorbidities|

failure outcome data from DAPA-HF 10, Consider country- and region-specific cost of drugs. In some countries TZDs relatively more expensive and
k. Degludec and U100 glargine have demonstrated CVD safety OPP-4i relatively cheaper
. Low dose may be better tolerated though less well studied for CVD effects
1 Actioned whenever these become new clinical considerations regardless of background glucose-lowering medications. Updates to the 2018 consensus report are indicated in magenta font
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Fig. 1 Ghacose-lowering medication in type 2 diabetes: overall approach. Modified from [2] with permission from Springer. © FEuaropean Associatton for the Stady of Diabetes and American Diabetes
Association 2018
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2019 ESC Guideline

2019 ESC Guidelines on diabetes, pre-
diabetes, and cardiovascular diseases
developed in collaboration with the EASD
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ASCVD, or high / very high

CV risk (target organ damage
or multiple risk factors)®

Table 7 Cardiovascular risk categories in patients with
diabetes®

Fatients with DM and established CVD
or other target organ damage"

Yery high risk

or three or more major risk factors®

or early orset T10DM of long duration (=20 yvears)
High risk Fatients with DM duration =10 vears without tar-
get organ damage plus ary other additional risk
factor

Young patients {T10M aged <35 years ar T2DM

aged =50 years) with DM duration <10 years,

without other risk factors

CV = cardiovascular;, CVD = cardiovascular disease; DM = diabetes mellitus;
T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.

*Modified from the 2016 European Guidelines on cardiovascular disease preven-
tion in clinical practice.””

Proteinuria, renal impairment defined as eGFR >30 mL/min/1.73 m?, left ventric-

“Age, hypertension, dyslipidemia, smoking, obesity.

Z 2015



ASCVD, or high / very high

7.1.2.3
Implications of recent cardiovascular outcome trials

CV risk (target organ damage

or multiple risk factors)®

2. Eur Heart J. 2020 Jan 7;41(2)255-323.

-+

The results obtained from these trials, using both GLP1-
RAs (LEADER, SUSTAIN-6, Harmony Outcomes, REWIND,
and PIONEER 6) and SGLT2 inhibitors (EMPA-REG
OUTCOME, CANVAS, DECLARETIMI 58, and
CREDENCE), strongly suggest that these drugs should be
recommended in patients with T2DM with prevalent CVD
or very high/high CV risk, such as those with target-organ
damage or several CVRFs, whether they are treatment

nal ve or already on metformin.

CAN-20200324.No2



Treatment algorithm in patients with type 2

diabetes mellitus - drug-nai“ve
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Treatment algorithm in patients with type 2

diabetes mellitus - metformin-treated patients

B Type 2 DM - On metctforrmin
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Recommendations for glucose-lowering treatment

for patients with diabetes

Recommendations for glucose-lowering treatment for patients with diabetes

Recommendations Class® Level”

SGLT2 inhibitors

Empagliflozin, canagliflozin, or dapagliflozin are recommended in patients with T2DM and CVD, or at very high/high CV
risk, to reduce CV events.’ /509207311

Empagliflozin is recommended in patients with T2DM and CVD to reduce the risk of death.™®

GLP1-RAs

Liraglutide, semaglutide, or dulaglutide are recommended in patients with T2DM and CVD, or at very high/high CV risk.®

to reduce CV events,!7%57 — 30030130

Liraglutide is recommended in patients with T2DM and CVD, or at very high/high CV risk.S to reduce the risk of death.' "
Biguanides

Metformin should be considered in overweight patients with T2DM without CVD and at moderate CV risk,'*+1% lla C
Insulin

Insulin-based glycaemic control should be considered in patients with ACS with significant hyperglycaemia (=10 mmol/L ila c
or =180 mg/dL), with the target adapted according to comorbidities.”®" %

Thiazolidinediones

Thiazolidinediones are not recommended in patients with HF. - -

DPP4 inhibitors
Saxagliptin is not recommended in patients with T2DM and a high risk of HF.*"" - B

LESC 2019

LS

ACS = acute coronary syndromes; CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus; DPP4 = dipeptidy!
peptidase-4; GLP1-RA = glucagon-like peptide-

1 receptor agonist; HF = heart failure; SGLT2 = sodium-glucose co-transporter 2; T2DM = type 2 diabetes mellitus.

a Class of recommendation.

b Level of evidence.

2. Eur HeartJ. 2020 Jan 7;41(2)255-323. CAN-20200324.No2



Outline

(}‘ 2019-2020 Guideline for T2DM Management
& What is Cardio-renal syndrome (CRS)?
9 The role of SGLT2 inhibitors in CRS

& Canaglu: the critical piece of CRS puzzle

CAN-20200324.No2

17



Major Complications of Diabetes

Microvascular

Eye

High blood glucose and high
blood pressure can damage
eye blood vessels, causing
retinopathy, cataracts and
glaucoma

Macrovascular

Brain

Increased risk of stroke and
cerebrovascular disease, including
transient ischemic attack, cognitive
impairment, etc.

Kidney

High blood pressure
damages small blood vessels
and excess blood glucose
overworks the kidneys,
resulting in nephropathy.

Heart

High blood pressure and insulin
resistance increase risk of coronary
heart disease

Neuropathy
Hyperglycemia damages
nerves in the peripheral
nervous system. This may
result in pain and/or
numbness. Feet wounds may
go undetected, get infected
and lead to gangrene.

Extremities

Peripheral vascular disease results
from narrowing of blood vessels
increasing the risk for reduced or
lack of blood flow in legs. Feet
wounds are likely to heal slowly
contributing to gangrene and other
complications.

https://pdb101.rcsb.org/global-health/diabetes-mellitus/monitoring/complications
3. Diabetes Care, 37(1), 9-16. doi: 10.2337/dc13-2112 CAN-20200324.No2 18
The Korean Journal of Physiology & Pharmacology, 18(1), 1. doi: 10.4196/kjpp.2014.18.1.1



https://pdb101.rcsb.org/global-health/diabetes-mellitus/monitoring/complications

Toxic Triad of Heart Failure in Diabetes

Coronary
artery disease

Hypertension

Diabetic
cardiomyopathy

4. Diabetes Care 26:2433-2441, 2003 CAN-20200324.No2 19



Heart Failure increases Mortality

Death

. 50 | — Diabetes No Heart Failure No
Diabetes — Diabetes Yes Heart Failure No
45 - --- Diabetes No Heart Failure Yes
--- Diabetes Yes Heart Failure Yes

40 P<0.0001
Hyperglycemia, insulin resistance, hyperinsulinemia

- 37%
! | | !

35 - — -
r

Cumulative Incidence (%)
(3]
o
1

Inflammation [ Cardiomyocyte RAAS A calcium | Autonomic
Dyslipidemia | hypertrophy/LVH || activation i handling | dysfunction 20
Endothelial .
dysfunction A fatly acid 5
utilization 10 —
Formation
Fibrosis wm of AGEs 5
D -
0 1 2 3 4
Ischemic Diabetic
: - v
cardiomyopathy cardiomyopathy Population ears
; ) Diabetes No Heart Failure No: 2715 2588 2038 1188 519
Heart failure in Diabetes Yes Heart Failure No: 433 407 298 162 62
diabetes Diabetes No Heart Failure Yes: 861 816 669 450 209
Diabetes Yes Heart Failure Yes: 214 196 143 90 46

In unadjusted analyses, patients with diabetes had a higher risk of
development of HF (hazard ratio 1.53 [95% Cl 1.32-1.78]; P < 0.001), HF
hospitalization (2.04 [1.65-2.52]; P < 0.0001)

5. Diabetes Care 2018;41:1285-1291 20
6 Circulation. 2019;140:e294—e324. CAN-20200324.No2



Prevalence of HF in DM?2

605 DM2, age>60 years, Primary care, Zeeland
Symptomes, signs, echo, adjudication

Diabnosed -2.5%w
® O

Undiagnosed

T
T
©
M
M

7 Diabetologia. 2012 Aug;55(8):2154-62 CAN-20200324.No2 21



Heart Failure in Diabetes

Prevalence

400 -
377

350 _ﬁ === Diabetic Subjects

- =ill=Control Subjects — -

300 -
'L
241 50
250 54 - |
200 By e e ]

150 | - e ey

Prevalence Rate per 1,000

100 | e i e el =

" P
50 +———— S i N ———— e

" 8 4

< 45 45-54 55-64 65-74 75-84 85-94 95+
Age at Baseline

8 Diabetes Care 2001 Sep; 24(9): 1614-1619. CAN-20200324.No2 22



Pathophysiology of neurohumoral and inflammatory

pathways involved in cardiorenal syndrome

= Ischemia

- Casfionmyopalty FR A2 ACUTE CARDIAC INSULT
= Arrythmia - Xy

VVagal and Glossopharyngeal
Afferents from High-Pressure

Baroreceptors 1 Perip |
\._5 Vasoconstriction
\\

Humoral

f Signaling \

3 @“‘" "@
A = -

- ytokine

‘ Perfusion *_ f s ff

o Blocked - , & ‘»-_ .
/. Natriuresis ‘ > P 4 e —
= AVP / 2
— Solute-Free — Adrenal Giand

T 4 Venous Pressure § Water Excretion
- Sodium Excrebon
j‘r?
; ympathetlc .
> Aldosterone
\ / ’ 7;,1""-._,& 18 - /
AN of 5 —_— ‘\ - — =
Peripheral L, =

= Renal Hypoperfusion
= Tubular Cell Toxicity
= Decreased GFR

Vasoconstriction = Decreased O2 Delivery

/ NN i == = Diuretic Resistance
ACUTE KIDNEY INJURY e\ o] pE—— . e B -t e
kS NS = ¢ = Organ Edema

9 Circulation, 2019:139:6840—e878. CAN-20200324.No2 23



Cardio-Renal Syndrome Does Matter

The cardio-renal syndrome

Decreased cardiac

performance
Neurohormonal
activation, inflammation, Neurohormonal
oxidative stress, aneamia activation,

inflammation,

i ‘ idative st
1T NaH,0 retention/ [( oxidative stress

diuretic resistance

|Renal perfusion,
|Renal function - Q ) Renal venous pressure
adenosinerelease
others?

|

Type of mechanism: Haemodynamic
Neuroendocrine, humoral, local (renal)

24
10 European Heart Journal (2012) 33, 2135-2143 CAN-20200324.No2



Cardiovascular and renal disease continuum

4 N

EsrRp End- CHE
Stage
Chronic renal Arteriosclerotic
insufficiency (3 GFR) Progression cardiovascular
disease events
Albuminuria Coronary artery disease
Proteinuria _ Left ventricular
. hypertrophy
Elderly, Elderly,

DM, T B DM, T BP

Chronic renal Cardiovascular

\ disease

11 Am J Kidney Dis 2000; 35:5117-31 CAN-20200324.No2 25

disease




Changes in Cardiovascular Disease Risk During

Chronic Kidney Disease Progression

MNon-atherosclerotic CWIDy
LWw'iH

Arrhhythmias
Sudden cardiac death

Arterial calcification
Wvalve calcificatiomn
Hemorrhagic stroke
Oithers

Lt

CHD stages

Mo CEID Stage G3a Stage G5D

Risk of fatality after CWVD ewernt

il

26
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Classification of Cardio-Renal-Syndrome (CRS)

Table 1. Classification of CRS Based on the Consensus Conference of the Acute Dialysis Quality Initiative

Phenotype Nomenclature Description Clinical Examples
Type 1 CRS Acute CRS HF resulting in AKI ACS resulting in cardiogenic shock and AKI, AHF resulting
in AK]
Type 2 CRS Chronic CRS Chronic HF Chronic HF
resulting in CKD
Type 3 CRS Acute renocardiac AKI resulting in AHF HF in the setting of AKI from volume overload,
syndrome inflammatory surge, and metabolic disturbances in uremia
Type 4 CRS Chronic renocardiac CKD resulting in chronic HF LVH and HF from CKD-associated cardiomyopathy
syndrome
Type 5 CRS Secondary CRS Systemic process resulting in HF | Amyloidosis, sepsis, cirrhosis

and kidney failure

ACS indicates acute coronary syndrome; AHF, acute heart failure; AKI, acute kidney injury; CKD, chronic kidney disease; CRS, cardiorenal
syndrome; HF, heart failure; and LVH, left ventricular hypertrophy.

27
13. Circulation. 2019;139:e840—e878. CAN-20200324.No2
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Current clinical hypothetical explanations for the

cardioprotective effect of SGLT2 inhibitors

+ Cardiac pre- and after-load }
’ + Myocardial stretich = contractility
4 Ejection fraction
¢ FFA oxidation (energy source)
¢+ Glucose utilisation
+ Epicardial fats = ¢ nflamation |
’ |

’ + Blood pressure

4 Glycusna
¢ Negative caloric balance

¢ Elasticaty i '
¢ Plasma volume 4 Natriuresis = ¢ Vlio. load
P + Volume load ¢ Diuresis = +Vol. load
f( * Hematocrits ¢ Glomerular pressure
% / + proteinuria
/.I ) ¢+ Uric acid = Atherosclerosis
¥ =
&
[ ¢ HbA1c
+ HDL S

+ Tryglycendes
+ Inflamatory markers
*+ Ketones”
t* Magnesium”
+ Unc acid J

“

14.) Clin Med Res. 2018 Au

9;10(8):615-625

+ Weight
+ Insulin resistance
+ Glucotoxicity
¢ Visceral fats
+ Epicardial fats
+ Systemic inflamation

CAN-20200324.No2

4
; + Glucotoxicity
| % Insulin production

¢ Glucagon = ¢ Ketones”



Proposed mechanism of cardiovascular protection by

SGLT2 inhibitors

l Hyperinsulinemia

| Hyperleptinemia § Mild ketosis
< Y 4 is
ympathetic
iff VK)_ outflow to - * “_ +Volume overload
‘ \_—'/;é'g the heart 5 A+ Wall stress
+Renal afferent \0 - | Fibrosis
nerve tope 8\
: \ lSympathetlc
AN \ outflow to
+ Sympathetic vessels

outflow to \
kidneys

TVascuIar compliance
and reactivity

| Tubulointerstitial Correction (flfﬁ‘d\ etention [ —
purden Ne \rllysin activity
-\%‘

| -
Renin-angiotge

,\
'.),

15. ) Cardiol. 2018 May;71(5):471-476. CAN-20200324.No2 30



The renal-cardio hypothesis for cardiovascular protection

with SGLT2i: a nephrocentric perspective

SGLT2 inhibition

v

# Proximal tubular natriuresis

v

# Tubuloglomerular feedback

v

¥ Intraglomerular hypertension

v Figure 7. The renal-cardio
pietlieall B preservaton ofrenafunction || ¥ Artra siiness hypothesis for cardiovascular
L } I protection with SGLT2 inhibition:
t Renal, systemic inflammation + Cardiac afterload a I‘Iephrnl}entric perﬁpentive'
1 L LV indicates left ventricular; and
_ SGLT2, sodium-glucose cotrans-
Y # Cardiac preload
l porter-2.

Maintenance of euvolemia J, Y

+ Myocardial wall tension

v

+ Arrhythmogenesis

!

“———» | +Risk of hospitalization for heart failure, cardiovascular events | 4——

¥ LV remodeling

Y

16. Circulation. 2016;134:752-772. CAN-20200324.No2 31



Many Renal Effects of SGLT2 Inhibition Have Been Proposed

‘ Intraglomerular pressure

l Albuminuria

l Oxidant stress

Intrarenal
l angiotensinogen

upregulation

lGIucose

BP/arterial
stiffness

‘ Volume

Infl ti fibrosi
l nflammation/fibrosis And many others...

Presented at the 79t Scientific Sessions of the American Diabetes Association; .
June 11, 2019; San Francisco, CA. “
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Timeline and population of major SGLT2 inhibitor

outcome trials

T2DM + CVD risk/history
(N=17160; ~4 years follow-up)

T2DM + CVD risk/history
(n = 5812, ~2years follow-up) | | ..\ /o Program Albuminuria categories, mg/g
> (n=10,142; Al: A2: A3:
integrated analysis >
T2DM + CVD risk/history 9 ysis) <30 30-299 2300
(n = 4,330; ~6 years follow-up) ) E 290
~
T2DM + CVD history £ Moderatel
_ . : S 45— / y
(n = 7,020; ~3 years follow-up) 3 5-59 increased
CREDENCE .g 30-44 High
T2DM + DKD o !
(n = 4,401; ~5.5 years follow-up) ‘% 15-29 Very high
& <15
O

* Note that the patient populations in CANVAS and CANVAS-R are nearly identical to facilitate
an integrated analysis of the data.

17 Am J Nephrol 2017;46:462-472 CAN-20200324.No2 33



Higher Renal Risk Population in CREDENCE

Median

Albuminuria categories (mg/g) Mean eGFR UACR

Al: <30 A2: 30-300 A3: >300 (mL/min/1.73 m2) (mg/qg)
>90 (® DECLARE 85 13
£0-00 (® CANVAS Program 76 12
(3 EMPA-REG OUTCOME 74 18
45-59 Y CREDENCE 56 927

w
?
AN
AN

Events on dialysis, transplantation, or

<30 death due to kidney disease

GFR categories
(mL/min/1.73 m?2)

Trial Events Patients
- Moderately -- CREDENCE 183 4,401
increased DECLARE-TIMI 58 34 17,160
CANVAS Program 21 10,142
EMPA-REG OUTCOME 14 7,020
15N Engl ) Med 2017, 3775644657 breviously reported. SLT2-sodtum-glocoss costansporer 2 R relatve risk.
20. N Engl J Med 2019; 380:1880-1882 34

21.N Engl J Med 2019; 380:2295-2306 CAN-20200324.No2



Cardio-Renal Syndrome Does Matter

EMPA-REG CANVAS DECLARE CREDENCE
CVD 99.2% 65.6% 40.6% 50.4%
non-CVD 0.8% 34.4% 59.4% 49.6%
Mean eGFR 74 76 85 56
Mean
Ao 18 12 13 92% \
EMPA-REG CANVAS DECLARE CREDENCE
Active | Placebo | Active | Placebo | Active | Placebo | Active Ii@tebo
3P- / \
MACE 37.4 43.9 26.9 31.5 22.6 24.2 38.7 48.7
HHF 9.4 14.5 5.5 8.7 6.2 8.5 157 | 25.3
v 124 | 202 | 116 | 128 7.0 7.1 19 244
death

no. of participants per 1000 patient-yr

18. N Engl J Med 2015; 373:2117-2128
19.N Engl J Med 2017; 377:644-657
20. N Engl J Med 2019; 380:1880-1882 35
21.N Engl J Med 2019; 380:2295-2306 CAN-20200324.No2



Microalbuminuria: A Manifestation

of Diffuse Endothelial Cell Injury

Renal
Vasculature

Systemic

V lat
ascuiature Injured Endothelium

¢ Cardiovascular Risk Factors:
Age
Diabetes
Interstitial g?"%ekri":;ﬁ'o”
Albumin Leak Absent nocturnal BP dipping Microalbuminuria

Salt sensitivity

Left ventricular hypertrophy
Dyslipidemia

Central obesity

Insulin resistance

Elevated CRFP

Sympathetic dysfunction
Hyperuricemia

Figure 2. Microalbumiinuria: manifestation of diffuse endotbelial cell irnjury. BP=blood pressure; CRP=C-reactive protein

22.J) Clin Hypertens. 2004; 6 (Suppl; 3):2-7 CAN-20200324.No2 36



Association of eGFR and albuminuria

with all-cause death and CV death

A All-cause mortality (ACR studies) B CVD mortality (ACR studies)

>300 mg/g
30-299 mg/g
<30 mg/g

(
i
1
§

1
|

HR for CVD mortality (eGFR*ACR)
4 8

1
|

D
]
5

1

HR for total mortality (eGFR*ACR)
4 8
| 1

15 30 45 60 75 90 105 120 15 30 45 60 75 90 105 120
eGFR, mli/min/1.73m"2 eGFR, ml/min/1.73m"2

Early intervention is importént to reduce mortality

23. Lancet. 2010 Jun 12;375(9731):2073-81. CAN-20200324.No?2 37



The relationship between eGFR slope and subsequent risk of vascular outcomes

and all-cause mortality in type 2 diabetes: the ADVANCE-ON study

Combined major renal events, macrovascular

a events and all cause mortality (primary b

8.0/ outcome)
S S
32 4.0 32
LY Ly
L= =)
o o—
T 2.0 —
=] =
£ o
=) =3
<< <

0.5

T T T T T T T T T
5 -4 -3 -2 -1 0 1 2 3
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Cc d

8.0 - .
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& O
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0.5 -

24. Diabetologia (2019) 62:1988-1997.
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eGFR slope (ml min' [1.73 m]2 year)

CAN-20200324.No2
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All-cause mortality

-5 -4 -3 -2 -1 0 1 2 3
eGFR slope (ml min® [1.73 m]2 year')

38



Controlling progression of MAU as a means of reducing CV risk

The LIFE study

Prognosis after reduction of albuminuria

Composite endpoint of CV death, stroke and myocardial infarction
0.20 N= 9,193 hypertensive patients with LVH

High Alb at BL/High at Yr 1
0.15

G

High Alb at BL/Low at Yr 1

0.10 Low Alb at BL/High at Yr 1

G

Low Alb at BL/Low at Yr 1

Proportion reaching
composite endpoint

0.05

0.00
0 20 40 60

Time (Months)

CV = cardiovascular; LVH = left ventricular hypertrophy; Ab at BL = albuminuria at baseline/value after 1 year (Yr 1)

Reducing UACR during treatment is associated with a reduction
in CV death, stroke and myocardial infarction in patients with hypertension

25. Hypertension 2005;45:198-202. CAN-20200324.No2 MAU: microalbuminuria 39



SGLT2 Inhibition + RAAS Blockade =
Afferent Constriction + Efferent Dilation

Pharmacological ' Haemodynamic effects and clinical

actions: implications:

SGLT2 inhibition : + Decreased intraglomerular pressure due to

= iIncreased afferent resistance in T1D-H patients
constriction
« Decreased hyperfiltration

« Decreased intraglomerular pressure due to

RAAS blockade 7, decreased efferent resistance

« Decreased hyperfiltration

Efferent dilation el : _
« Proven renal protection in clinical trials

T T « Normalisation of intraglomerular pressure due to
SGLTZ2 inhibition and increased afferent and decreased efferent

RAAS blockade resistance?

« Potential for additive intraglomerular pressure

¢ constriction and
reduction?

Efferent dilation
+ Potential for long-term renal protection?

26. Diabetologia (2014) 57:2599-2602
27. Circulation. 2014 Feb 4;129(5):587-97.
Weber M et al. AHA 2013, Poster 2095 CAN-20200324.No?2
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Physiological mechanisms implicated in changes in

renal function following inhibition of SGLT2

T2DM with SGLTZ2 inhibition

T2DM
Proximal renal tubular epithelial cells are Proximal tubular epithelial cells are
overloaded by excessive energy-dependent relieved from the burden of excessive
reabsorption of glucose

reabsorption of glucose
Cortical tubulointerstitial damage recovers

and EPO production by fibroblasts is
Changes of the P S A :
restored o B
mlcroenwronment induce o A
| sformr ‘, on of fibroblasts

tial fibrosis progresses
2O production declines

> EPO-producing fibroblasts
Transformed fibroblasts
41
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Anemia and Increased Cardiovascular Disease -
ARIC Study

Women (P=.04)
(Hgb <12 g/dL)

Nonanemic Women Men (P=.04)
- Anemic Women N=14,410" (Hgb <13 g/dL)
Nonanemic Men Fully adjusted
===~ Anemic Men N=13,883
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*Patients with hemoglobin levels. Sarnak et al. J Am Coll Cardiol. 2002:;40:27-33.

28.J Am Coll Cardiol. 2002 Jul 3;40(1):27-33. CAN-20200324.No2



Anemia and CV Death in ACS

OR & 959% Cl for CV Death by 30 d

Unadjusted Adjusted for Baseline Characteristics
OR (959% CI) OR (95°9% CI) P value

1.27 (0.90-1.79) 1.79 (1.18-2.71) 0.007

29. Circulation. 2005 Apr 26;111(16):2042-9.

(0.65-1.10) 1.08 (0.78-1.52) 0.637

(0.70-1.05)
reference
(1.22-1.77)
(1.82-2.72)
(2.57-4.21)
(2.71-5.82)

(3.32-7.73)

0.5

CAN-20200324.No2

(0.84-1.39)

reference
(0.93-1.47)
(1.09-1.80)
(1.19-2.24)
(1.24-3.15)

(1.42-4.39)

0.5302



The tubular hypothesis of diabetic glomerular

hyperfiltration: effect of SGLT2 inhibition

A) Normal State Nephron z B) Mechanisms of diabetic hyperfiltration C) SGLT2 inhibition lowers diabetic hyperfiltration

Proximal Tubule

30. Curr Opin Nephrol Hypertens. 2016 Jan;25(1):50-8. CAN-20200324.No2 44
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Canagliflozin can reduce eGFR slope

Secondary renal outcomes of the CREDENCE study
CANVAS/CANVAS R study

— Canagliflozin —— Placebo
Baseline 56.4 56.0

80
79 -

60% reduction in the rate of eGFR
decline with canagliflozin

Canagliflozin

-1.85/year

-4.59 /year

Adjusted Mean eGFR (mL/min/1-73 m?)

-16 1 Chronic eGFR slope

LS mean change (+SE) in
eGFR (mL/min/1.73 m?2)
-

o

-18 | i - 0 -
Placebo 18 Difference: 2.74/year (95% CI, 2.37-3.11)
68 . I I I I | | I I | I I I 1 =20 T . T T T T T
Baseline 18/26 52 78 104 130 156 182 208 234 260 286 512 338 0 6 12 18 24 30 36 0
Weeks since Randomisation . ..
No. of Patients Months since randomization
Placebo 4276 4038 3867 3538 3212 1740 1030 881 899 785 809 726 694 243 No. of Participants
Canaglifiozin 5711 5395 5212 4867 4570 2964 2230 1961 2039 1795 1895 1695 1653 548 Placebo 2178 2084 1985 1882 1720 1536 1006 583 210
Canaglifozin 2179 2074 2005 1919 1782 1648 1116 652 241
Mean eGFR 76 ml/min Mean eGFR 56 ml/min
Mean ACR 12mg/gCr Mean ACR 923 mg/gCr
19.N Engl J Med 2017; 377:644-657 46

21.N Engl J Med 2019; 380:2295-2306 CAN-20200324.No2



Canagliflozin can reduce UACR

Secondary renal outcomes of the CREDENCE study
CANVAS/CANVAS R study

Median baseline —#— Canagliflozin —+— Placebo

Change in Albumin:Creatinine Ratio (UACR) (mg/q) 014 918

Percent Change in UACR per Albuminuria Class (inset) 1200 -

Micro Macro
0%
- - 1000 -
o oo / 1 1 1
- 800 - '
40 | _30%
35 - -40% -34% -36% ;

-50%

Geometric mean (95% CI)
UACR (mg/g)
B o
o o
=) =]

Geometric mean UACR
with 95% CI (mg/g)
W
o
1

25 Mean % difference over study
- 200 - =320/
Mean % difference (95% CI: -36, -28)
15 - _180/° 0 T T T T T T T
0 -»— Placebo - Canagliﬂozin (95°/o CI, -16 to —20) 0 6 12 18 24 30 36 42
1 T 1 T T T
o 1 2 3 4 5 6 Months since randomization
No. of patients Years since randomization No. of participants
Placebo 4084 3775 2556 753 652 594 618 Placebo 2113 2061 1986 1865 1714 1158 685 251
Mixegarr:\aogd‘;flk;;lrnrep:astoec; measuref“(’;mm analj:f 1989 1541 2308 1534 Canaglifiozin 2114 2070 2019 1917 1819 1245 730 271
Excluding those below detection level ITT analysis
Mean eGFR 76 ml/min Mean eGFR 56 ml/min
Mean ACR 12mg/gCr Mean ACR 923 mg/gCr
19.N Engl J Med 2017; 377:644-657 47

21.N Engl J Med 2019; 380:2295-2306 CAN-20200324.No2



SGLT2 inhibitors cardiorenal protection mechanistic overview

Improved cardiac
fuel energetics

Plasma
volume

t Haematocrit and
haemoglobin

§ o

4

‘ Adiposity

4
Arterial -
stiffness

Cardio / renal
protection

48
31. Diabetes Ther (2019) 10:1719-1731 CAN-20200324.No2



Primary Outcome:
ESKD, Doubling of Serum Creatinine, or Renal or CV Death

N
u
J

Hazard ratio, 0.70 (95% CI, 0.59-0.82)

340 participants
P = 0.00001

N
o
]

245 participants

[
n
[

Y
o
[

Participants with an event (%)

5 - — Placebo

—— Canagliflozin

0 1 1 1 1 1 1 1

0 6 12 18 24 30 36 42

Months since randomization
No. at risk

Placebo 2199 2178 2132 2047 1725 1129 621 170
Canagliflozin 2202 2181 2145 2081 1786 1211 646 196

Perkovic V, et al. N Engl J Med. 2019. doi: 10.1056/NEJMoal1811744.

Presented at the 79t Scientific Sessions of the American Diabetes Association; .
June 11, 2019; San Francisco, CA. ﬁ
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Acute and Long-term Effects on eGFR

—=— (Canagliflozin —eo— Placebo
Baseline 56.4 56.0

60% reduction in the rate of eGFR
decline with canagliflozin

-1.85/year

-16 - Chronic eGFR slope —4.59/year
-18 - Difference: 2.74/year (95% CI, 2.37-3.11)
'20 T T T T T

LS mean change (£SE) in
eGFR (mL/min/1.73 m?2)
.

)

0 6 12 18 24 30

Months since randomization

No. of Participants
Placebo 2178 2084 1985 1882 1720 1536 1006
Canagliflozin 2179 2074 2005 1919 1782 1648 1116
Perkovic V, et al. N Engl J Med. 2019. doi: 10.1056/NEJMoal1811744.

Presented at the 79t Scientific Sessions of the American Diabetes Association;
June 11, 2019; San Francisco, CA.
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Canagliflozin Improves Erythropoiesis in Diabetes Patients

with Anemia of Chronic Kidney Disease

ORIGINAL ARTICLE

Canagliflozin Improves Erythropoiesis in Diabetes
Patients with Anemia of Chronic Kidney Disease

Abstract

Background: We evaluated the erythropoietic effects of canagliflozin, a sodium-glucose cotransporter 2 in-
hibitor, in type 2 diabetes patients with anemia of chronic kidney disease.

Methods: Nine diabetes patients were enrolled and administered 100 mg canagliflozin once a day for 12 weeks.
The patients received fixed doses of conventional antidiabetic drugs and renin-angiotensin system inhibitors
for 8 weeks before enrollment; these drugs were continued during the study. Endpoints were changes in
erythropoiesis parameters, including erythrocyte and reticulocyte count, hemoglobin, hematocrit, and serum
erythropoietin (EPO) concentration from baseline to 12 weeks. All variables were measured every 2 weeks.
Results: Serum EPO concentration increased by 38 [15-62]% (P=0.043) between baseline and 2 and 4 weeks.
Reticulocyte count transiently increased at 2 weeks. Erythropoiesis occurred after 2 weeks of canagliflozin
treatment. Erythrocyte count (from 386i36><104/yL to 421136x 104/,uL; P=0.0009), hemoglobin (from
[1.8£0.6g/dL to 129+ 1.1 g/dL; P=0.0049), and hematocrit (from 37.1+2.3% to 40.4+3.2%; P=0.002)
increased from baseline to study completion. Although there were no significant changes in transferrin satu-
ration, serum ferritin levels were decreased (P=0.003).

Conclusions: Canagliflozin treatment led to an improvement in erythropoiesis in patients with impaired kidney
function, The effect on erythropoiesis appeared to be due to an EPO production-mediated mechanism and might
be independent of glycemic control; however, further studies are needed to clarify this since the present study
had a small sample size and no comparator group.

32. Diabetes Technol Ther. 2019 Dec;21(12):713-720.
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Canagliflozin can reduce Cardiac and Renal Risk in T2DM

T2DM

HbAlc > 7.0% to < 10.5%
eGFR =30 mL/min/1.73 m2
Age 230 years and history of prior CV
event or Age 50 years with 2 CV risk
factors

CANVAS

CREDENCE

19. N Engl J Med 2017; 377:644-657
21.N Engl J Med 2019; 380:2295-2306

>30 years of age

T2DM and HbA1c 6.5% to 12.0%
eGFR 30 to 90 mL/min/1.73 m2

* UACR 300 to 5000 mg/g
» Stable max tolerated labelled dose of

ACEi or ARB for >4 weeks

CAN-20200324.No2

CV death
Nonfatal Ml
or nonfatal stroke

ESKD

Doubling of serum
creatinine

or renal or CV death

-14%

-30%
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Canagliflozin slowed the loss of kidney function across all

UACR subgroups (Data fromm CANVAS trial)

A
UACR <30, Canagliflozin
UACR <30, Placebo
UACR 30—300, Canagliflozin
— UAaACR 30—300, Placebo
=
2
o] = -—-E-.._ ~ E
= >3 1 1 T $ I I E
€ so | T - 4 UACR >300, Canagliflozin
L
= B
S 45 L7
UACR =300, Placebo
40 - 1
35
30 T T T

Q 26 52 78 104 130 156 182 208 234 260 286 312
Weeks since randomization
Participants, n

UACR <30 Canagliflozin 3960 3739 36132 3390 3206 2126 1622 1433 1498 1327 1408 12684 1231

Placebo 2947F 2788 2677 24TF3 2263 1239 742 536 646 564 587 523 504
UACE 30—300 Canagliflozin 1300 1232 1181 1098 1030 645 499 435 454 387 407 358 349

Placebo 933 a7ve6 837 759 S280 352 225 193 200 178 183 170 159
UACR =300 Canagliflozin 398 373 368 331 287 157 o7 82 i = 58 54 53

Placebo 344 325 306 283 227 110 58 49 48 40 34 30 26

33. JASN 30: 2229-2242 2019 CAN-20200324.No2 53



Effects of canaglifiozin on cardiovascular and renal outcomes in
participants according to baseline eGFR categories

(Data from CANVAS trial)
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Take Home Message

* [n appropriate high-risk individuals with established type
2 diabetes, the decision to treat with a GLP-1 receptor
agonist or SGLT2 inhibitor to reduce MACE, hHF, CV
death or CKD progression should be considered
Independently of base line HbAlc or individualized

IbAlc target. 1

» Cardio-renal interactions in heart failure and kidney
disease. Most of the mechanisms may be activated by
each of the two conditions and are able to affect both
cardiac and renal function. 2

1: 1. Diabetologia (2020) 63:221-228
2: 10 European Heart Journal (2012) 33, 2135-2143 CAN-20200324.No2 57



